Background: Patients with paediatric-onset multiple sclerosis (POMS) could be at an increased risk for cognitive impairment (CI), given the potential harmful effects of disease activity in neurodevelopment. However, there is scarce information on their long-term cognitive outcomes. Objective: To compare the prevalence and profile of CI between adults with a history of POMS and those with classic, adult-onset multiple sclerosis (AOMS). Methods: Cognitive performance was assessed through the Brief Repeatable Battery (BRB) and the Stroop Test in consecutive patients referred to six Italian MS centres. CI was defined as impairment in ⩾2 cognitive domains. Results: In all, 119 patients with POMS and 712 with AOMS were included in this analysis. The prevalence of CI was 48.0% in AOMS, 44.5% in POMS; with similar neuropsychological profile between the two groups. However, when adjusting for current age, we found a significantly increased risk for CI (odds ratio (OR) = 1.71; p = 0.02) and for impairment in information processing speed (OR = 1.86; p < 0.01) in patients with POMS. A higher Expanded Disability Status Scale (EDSS) was also identified in POMS (p = 0.03) compared with AOMS patients. Conclusion: Patients with a history of POMS appear to be at higher risk of physical and cognitive disability than AOMS patients, after correcting for age effects, with particular involvement of information processing speed.
Background
Paediatric-onset multiple sclerosis (POMS) occurs in 3%-10% of the whole multiple sclerosis (MS) population 1 and is usually characterized by a relapsing remitting (RR) course. An increased inflammatory activity seems to be present in paediatric patients, when compared with adult-onset MS (AOMS) patients. 2 Childhood and adolescence represent a critically important period for both brain development and formal academic training. Cognitive impairment (CI) is known to be present in patients with POMS, being consistently reported in approximately one-third of patients, 3 while in the AOMS population 40%-65% of patients present CI. 4 The most affected cognitive domains in the paediatric population with MS are similar to those observed in adults, with a predominant involvement of memory, complex attention, information processing speed, executive functions and visual-spatial abilities. [3] [4] [5] [6] Additionally, in POMS subjects, there is accumulating evidence of involvement of linguistic faculties 1, 6 and lower intellectual efficiency in terms of intelligence quotient (IQ), particularly in those with younger age at MS onset. 7 An early MS disease onset can have a negative influence in school achievements and overall quality of life, [8] [9] [10] [11] but it is unclear if it could lead to an increased risk for CI in later life. 3 Some studies suggest a negative impact of relapses, disease duration and physical disability in the cognitive performance of patients with POMS, 8, 9, 12 but these issues remain controversial. 10, 11 There is little information about the long-term cognitive outcome in patients with POMS. Longitudinal studies published to date have relatively short followup periods (1-5 years) , and suggest cognitive worsening, with variable rates of decline, although there are patients who may exhibit stable or improved cognitive function over time. 3, 10, 11 Some of the heterogeneous results found in the literature are probably related to differences in the demographic and clinical composition of the study samples, as well as to the assessment tools used. The observed improvement in cognitive performance in a subgroup of POMS subjects may be due, in principle, to more efficient brain plasticity and compensatory abilities playing a protective role against CI. 3, 7 Furthermore, there is little data comparing the cognitive performance and profile of CI of adult patients with POMS and AOMS. A single previous study compared the cognitive performance of these two groups, using the Symbol Digit Modalities Test (SDMT), with the results showing a worse test performance in patients with POMS. 13 A worse performance in language abilities could also be expected, given the more prominent language deficits in the paediatric population. 1, 6 In this cross-sectional, collaborative study, we aimed at comparing the differences in the prevalence and profile of CI in adulthood between adult patients with a history of POMS and patients with classic AOMS. We also explored potential differences between these two groups in terms of other clinical variables, such as disability, fatigue and depression.
Methods

Study design and setting
The setting of the study was a nationwide Italian collaborative initiative. During a 6-month period, consecutive patients with MS from six Italian Centres were recruited and underwent a standardized clinical and neuropsychological assessment. The detailed methodology has been previously described. 14 For this study, a subsample was defined, including the group of adult patients with a history of POMS (diagnosis ⩽18 years old) and AOMS, confirmed using the 2001 McDonald criteria, 15 with an RR or secondary progressive (SP) course, defined based on the 1996 Lublin's definition. 16 The exclusion criteria were current or past neurological disorder other than MS, relapse and/or corticosteroid use within 4 weeks preceding the neuropsychological assessment, major psychiatric illness, history of learning disability before MS onset, alcohol or drug abuse and serious head trauma. Demographical and clinical data including Expanded Disability Status Scale (EDSS) levels and therapeutic information were collected using a common database shared among the participating Centres. In each Centre, a standardized neuropsychological evaluation was performed by a well-experienced neuropsychologist using the Brief Repeatable Battery (BRB) 17 and the Stroop Test. 18 The BRB is a widely used and extensively validated for patients with MS. The BRB includes the Selective Reminding Test (SRT), a test that assesses verbal learning by six learning trials and delayed recall of 12 words; the 7/24 Spatial Recall Test (SPART), a test that assesses visuospatial learning by three consecutive trials and a delayed recall of the position of 10 checkers in a checkerboard; the Paced Auditory Serial Addition Test (PASAT), a measure of sustained attention and speed of information processing in which the subject hears single digit numbers and is asked to add each digit to the one preceding it; the SDMT, another measure of sustained attention and speed of information processing in which the subject must associate a pseudorandomized sequence of the symbols with a single digit as quickly as possible, using a key of symbols and digits; and the word list generation (WLG), that explores verbal fluency by asking the subject to produce as many words as possible belonging to a semantic category. 17 The Stroop Test was selected to complement the BRB in order to provide an additional measure of complex attention and executive function. The neuropsychologists involved in the study participated in a common training session in which test administration and scoring procedures were clarified and agreed upon. Test failure was defined as a score below the 5th or above the 95th percentile, when appropriate, using age, sex and education-adjusted Italian norms. 19 Impairment in each cognitive domain was defined as failure in a test assessing that domain, namely SRT for Verbal Learning; SPART for Visuospatial Learning; SDMT and PASAT for Information Processing Speed; and WLG and the Stroop test for Executive Function. These theoretical cognitive domains were previously confirmed by principal component analysis in the whole sample. 14 CI was defined as impairment in at least two cognitive domains. The fatigue severity scale (FSS) 20 and the Montgomery and Asberg Depression Scale (MADRS), 21 while not part of the initial study protocol, were routinely used in several of the study centres, and were also collected during the evaluation to assess fatigue and depression. Data on FSS were available in 96/119 patients with POMS and in 502/712 patients with AOMS, MADRS was available in 33/119 and 280/712, respectively. A cutoff of ⩾4 was used to classify patients as fatigued on the FSS 22 and of ⩾20 to classify patients as moderately or severely depressed on the MADRS. 23 All the participants provided their written informed consent and the study was approved by the ethics committees of the different institutions.
Statistical analysis
Group comparisons were performed using Student's t-test for independent samples and the nonparametric Mann-Whitney test or χ 2 test, where appropriate. The tests were two-sided, with a significance level of 0.05. To compare the occurrence of CI and impairment in each cognitive domain between patients with POMS and AOMS, we calculated crude and adjusted odds ratio (OR) using logistic regression. This analysis was performed adjusting for the effect of age and EDSS that have found to be the independent predictors of CI in a previous analysis of the complete sample. 14 Furthermore, we tested the inclusion of disease duration in the logistic regression models adjusted for age, EDSS and POMS, given that a different disease duration is also expected in patients with POMS and AOMS of the same age.
Additionally, and to further clarify the impact on CI of the different disease duration between patients with POMS and AOMS, we performed a complementary analysis of the data by selecting a patient with POMS for each patient with AOMS, best matched for (1) disease duration, (2) age, (3) EDSS and (4) sex, and compared the differences in the prevalence of CI and impairment in each cognitive domain between these matched groups. Statistical analysis was performed using IBM SPSS Statistics for OS X, Version 23.0.
Results
From the total sample of 1040, 831 adult patients with RR and SP MS were included in this study, 712 with AOMS and 119 with a history of POMS, the excluded participants being clinically isolated syndromes or having a primary progressive course. The refusal rate in the largest study centre (Florence) amounted to 14.5%, other study centres did not keep exact records of refusals; nevertheless, the feedback was that the vast majority of the patients agreed to participate. The main demographic and clinical characteristics of these two groups are shown in Table 1 . Median age at onset in patients with POMS was 16.4 years, while it was 29.7 years in patients with AOMS (p < 0.001). The education, sex distribution and frequency of current treatment with disease-modifying drugs (DMDs) were also similar between the groups (Table 1 ).
The prevalence of CI was 48.0% in AOMS and 44.5% in POMS (p = 0.49). The prevalence of impairment in the different cognitive domains was also similar between the two groups (Table 2) , the only significant difference being a higher frequency of verbal learning impairment in patients with AOMS (32.9% vs 21.8%; p = 0.02).
Patients with POMS had longer disease duration, higher EDSS levels and higher number of relapses in the previous year than patients with AOMS (Table 1) . When stratifying by age group, the EDSS level remained consistently higher in patients with POMS ( Figure 1 ). The prevalence of patients with FSS ⩾ 4 was higher in patients with AOMS (p = <0.01), while the MADRS scores showed no significant differences between groups.
Patients with POMS who exhibited CI in their adulthood (n = 53) were older (p = 0.03) at the time of examination, had higher EDSS (p < 0.01) and longer disease duration (p = 0.02) as compared with cognitively preserved POMS patients (n = 66). There were no significant differences in sex, education, age at onset and relapses in the previous year (Table 3 ).
In the univariate logistic regression, there were no significant differences in the occurrence of CI between patients with POMS and AOMS (OR = 0.87; p = 0.49; Table 4 ). However, adjusting for the effect of age, we found a significantly increased risk for CI in patients with POMS (OR = 1.71; p = 0.02). As depicted in Figure 2 , the frequency of CI within each age group was higher in POMS than in AOMS. Performing the same age adjustment for impairment in information processing speed, the OR of POMS increased from 0.96 to 1.86 and the association also became significant (p < 0.01). The OR of POMS for impairment in visuospatial learning and executive functions also increased after adjustment although the association remained non-significant (p = 0.09 and p = 0.24, respectively) (Table 4) . Contrarily, the increased frequency of impairment in verbal learning in patients with AOMS was no longer significant after adjusting for the effect of age, with a crude OR of 0.57 (p = 0.02) and an adjusted OR of 1.02 (p = 0.95). Adjusting the OR for both age and EDSS, the association between POMS and CI was no longer significant (Table 4) . Further adjusting the models for disease duration does not result in a relevant decrease in the OR of POMS for CI (OR adjusted for age and EDSS = 1.38; OR adjusted for age, EDSS and disease duration = 1.32; Table 4 ). Moreover, when testing this addition of disease duration to the models with age, EDSS and POMS for CI and impairment in the different domains, the association of disease duration with CI and impairment in different domains is non-significant (p > 0.08).
In the analysis of patients with AOMS and POMS matched for disease duration, age, EDSS and sex the prevalence of CI was 28.7% in POMS and 44.5% in AOMS (p = 0.02). The prevalence of impairment in each cognitive domain was also higher for patients with POMS although the only difference to reach statistical significance was visuospatial learning ( 
Discussion
In this study, we compared the prevalence and profile of CI in a large sample of adult patients with POMS and AOMS, with RR and SP forms, using a standardized neuropsychological battery specifically validated for MS patients.
Our study showed a prevalence of CI of 48.0% in AOMS and 44.5% in POMS. These results are in line with what is generally reported in the literature for adult patients with MS (40%-65%). 4 The prevalence of CI obtained for the adult patients with a history of POMS was higher than that generally found by previous studies in children and adolescents with MS. 3 This finding reinforces the notion, coming from a few longitudinal studies performed up to date, that, in subjects with a paediatric onset, CI may tend to increase over the years, and those not affected during childhood seem to be at an increased risk to develop cognitive dysfunction later in adulthood, 3 at an earlier age than their AOMS counterparts. It is important to note that this earlier onset of CI in patients with POMS could have a negative influence in several aspects of the patient life, namely educational achievements, career making and family planning. Patients with POMS and AOMS presented a similar cognitive profile, with information processing speed being the most commonly affected domain in both groups.
While the crude prevalence of CI was similar between the two groups, after adjusting for the effect of age, we found that patients with POMS had a significantly higher risk for CI than patients with AOMS. This effect was particularly prominent for impairment in information processing speed, with POMS patients having two times increased risk for impairment in this domain than AOMS patients of the same age, and a worse performance in both SDMT and PASAT when compared to matched AOMS patients (Supplementary Table 1 ). A worse performance of adult patients with POMS in SDMT has been previously described, 13 suggesting that information processing speed could be disproportionally affected in the long term after an early disease onset. Overall, these findings suggest that adult patients with a history of POMS have worse cognitive outcomes than patients with AOMS of the same age. On the one hand, the onset of MS in a young age, with the cerebral structures and cognitive faculties still in development, could be the main responsible for the increase risk for CI. On the other hand, these results could be explained by the longer disease duration in POMS patients. Since there was a significant association between a paediatric onset of MS and longer disease duration, it was not possible to completely disentangle the independent effect of these two variables in a logistic regression model, also due to the sample size. However, it is interesting to note that further adjusting the model for disease duration does not result in a relevant decrease in the OR for CI of POMS. Furthermore, in the comparison of patients with AOMS and POMS best matched for disease duration, age, EDSS and sex the prevalence of CI was significantly higher POMS than in AOMS (44.5% vs 28.7%; p = 0.02). Although the large available sample of AOMS patients, it was not possible to groups were not perfectly match simultaneously for age and disease duration, given that the relative smaller number of younger patients with longer disease duration in the AOMS population when compared with the POMS population, resulting in and older median age for patients with AOMS in this analysis (Table 5 ). However, given the increased risk of CI in older patients with MS, any effect of this unbalance in the comparison would be to overestimate the prevalence of CI in AOMS. Consequently, the results from this matched comparison support the notion that the higher risk for CI in patients with POMS is probably more related to the paediatric onset than to longer disease duration. Additionally, in our previous analysis of the larger sample from which the subsample was selected, we could not find an independent effect of disease duration in the prevalence of CI in the overall MS population. 14 Taken as a whole, these findings support the hypothesis that the paediatric onset per se has an important role in determining the cognitive outcomes in adulthood, and that disease duration is probably not the main reason behind the differences in CI performance between adult patients with POMS and AOMS. Additional studies comparing these two groups can be useful to clarify this issue.
Our finding of a similar cognitive profile between the two groups is in accordance to the literature. Previous studies have described language deficits in children with MS 1,3 although this topic is controversial. 24 To explain our results, several considerations should be taken into account. The BRB, used in our study, does not include a specific evaluation of linguistic faculties, which limits our capability to drive any firm conclusion at this regard. In our sample, there were no differences in the two groups in terms of verbal fluency. These results suggest that the verbal fluency deficits described in the paediatric population with MS could be attenuated in adulthood. This may be due to adaptive processes, which are thought to play a role in the improvement of cognition in such cases, 10,11 and we can hypothesize that formal training through academic education could be related to improved linguistic skills in adulthood. Finally, it is important to note that linguistic deficits are described especially in POMS patients with early disease onset (before 10 years of age), 3 who represented a minority of subjects in our sample (4.2%). Long-term follow-up studies of patients with POMS from the diagnosis to adulthood, considering different classes of age at onset, are needed to shed some light on the evolution of different cognitive faculties over the disease course in this special population of patients.
A higher physical disability level was significantly associated with CI in the previously published analysis of the whole study sample. 2 In this context, it is important to note that the subgroup of POMS patients with CI also presented higher disability levels although not by a large magnitude, whereas previous studies reached heterogeneous conclusions about the association of physical disability with cognitive dysfunction in patients with POMS. 8, 10, 12 It must be noted, however, that the AOMS patients in this sample are significantly older than POMS patients, and when stratifying by age group, the EDSS level remained consistently higher in patients with POMS ( Figure 1) . In previous prognostic studies, POMS patients appeared to reach irreversible EDSS milestones with a delay of nearly 10 years of disease duration when compared with AOMS patients although these irreversible levels of disability were achieved at a younger age in POMS. 25 Patients with POMS presented a higher physical disability level than patients with AOMS although they did not exhibit worse results in depression and fatigue scores. Although the fatigue and depression data were incomplete in this sample, the results agree with those of a previous study that compared depression and fatigue between adults of the two groups. 13 Other studies comparing children with POMS and adult patients with AOMS also showed lower prevalence rates of depression and fatigue in the first group. 1 This is an interesting finding because higher depression and fatigues scores in adult POMS compared to AOMS patients might be expected, due to the reported association with higher physical disability 26, 27 and recent report of an association between psychiatric morbidity and cognitive dysfunction in POMS. 28 We can hypothesize that these patients could develop better coping strategies, due to living with the diagnosis since early age. Alternatively, the results could also be explained, at least in part, by reduced insight, possibly related with young age at onset and/or higher levels of CI, and a consequent decreased perception of the severity of the disease. Indeed, although a deficit in disability self-awareness has not been extensively researched in patients with MS, some reports have described its presence. 29, 30 In interpreting the study findings, we should consider a few limitations, namely, the cross-sectional design and absence of neuropsychological assessment of the patients at the time of the diagnosis, as well as possible selection of more severe POMS cases referred to specialized MS Centres for adults. Furthermore, it would be interesting to have magnetic resonance imaging (MRI) data to analyse potential differences between the groups and to assess possible correlations of imaging and CI measures.
Despite the above considerations, the results from the study add to previous evidence in the field suggesting that patients with a history of POMS, as compared with their adult-onset counterpart, may be especially vulnerable to the negative consequences of the disease and present worse physical and cognitive outcomes in the long run, particularly regarding impairment in information processing speed. These findings highlight the need for early screening and systematic monitoring of cognitive functioning in the paediatric MS population, aimed at providing prompt counselling and intervention strategies in everyday practice. The development of effective approaches for rehabilitation and prevention of cognitive deterioration in this population remains a priority for future research in this area.
Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect to the research, authorship and/or publication of this article.
Funding
The author(s) disclosed receipt of the following financial support for the research, authorship and/or publication of this article: This study was in part financed through an FISM (Italian Federation of Multiple Sclerosis) research grant.
